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DETAILED ACTION
Claim Rejections - 35 USC § 103
1. The following is a quotatioh of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejectioris set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior artare such that the subject matter as a whole would have been obvious at the time the

"invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Clavims 1-3, 5-9, 11-20 and 22-64 are rejected under 35 U.S.C. 103(a) as being
unpatentable over admitted prior art, Jiang et al. US patent No. 5,966,399 and in view of
Webb US patent No. 6,051,848.

- Regarding claim 1 admitted prior art teaches a vertical cavity surface emitting
laser (VCSEL) comprising: a sulbstrate (10); a lower reflector formed 6n the substrate
" (11); an active layer (12) formed on the lower reflector, generating light by a
recombination of electrons and holes; an upper reflector (14) formed on the active layer-
comprising a lower réﬂectivity than that. of the lower reflector, an uppef electrode fornﬁed
~ above the upper reﬂector excluding the window region; and a lower electrode formed
undernéath the substrate.

Admitte.dApriorA art does not explicitly teach a micro-lehsﬁcomprising, a single
convex surface d‘isposed in a window regibn having an arch extending through the |
entire window fegion through which the laser beam is emitted; a lens layer formed on
the upper reflector with a transparent material transmitting a laser beam, the lens layer

comprising the micro-lens.
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Jiang teaches (fig. 1) a VCSEL with integrated lens with micro-lens region (44)
comprising a single convex surface (central porﬁon of 44) and lens layer (region of Ierjs'
where light ﬁ2 is not coming out) on the upper reflector region (22).

" Furthermore Webb teaches the formation of lens ‘fegion (22) haVir{g an arch
e'xtending through the lens window region (ﬁgj. 2) in the etructu.re of forming a VCSEL
device (24).

It would have been obvious to one of ordinary ski!l in' the art at fhe time the
invention was made to incorporate the microlens bortion of Jiang’s device into the |
structure of admitted pri'er art in order to focus and/or collimete' laser emission (column
6, lines 57-63). Furthermere more it would have been obvious to one of ordinafy skill in

‘the art at the time the invention was made to modify the lens structure Jiang by forming
a single lens having an arch extending througH the entire window as taught by We‘bb in
order to reduce the processing step of fofming a'single lens by etching.

| Regarding claim 2 adrﬁitted prior art teacﬁes substantially the_entjre structure of
claim 1 above except explieitly stating tIdat the VCSEL satisfies a following relationship: f
éRxn1/(n2-n1) where f is a distance along an optfcal axis from a light generating region
of the active layer-to a vertex of the micro-lens, R is a radius of curvatufe of the micro-

) lens, n1 is an effective refractive in'deg of a medium on an optical path between the light
generating region and the lens Iayer, and n2 is a refractive index of a region towards

which a light is emitted through the micro-lens.
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The formula above is a well known in the art. Since the combined’ structufe of
admitted prior art, Jiang and Webb results in a stfucture identical to the claimed
invéntbn the VCSEL structure inheréntly satisfies the above relationship.

Regarding claim 3, admitted prior art teaches subéféntially the entire structure of
claim 1 above including a high-resistance region (13) between the Upper and lower
reflectors relatively close to the active layer, the high-resistance region having.an
aperture at a center thereof through which a current flows (fig. 1, admittéd prior art).

Regarding ciaimé 5 and 11 admitted prior art teaches substantially the entire
structure of claim 1 except explicitly stating that the micro-lens is formed by diffusion-
limited etching. | |

The limitation that the micro-lens is formed by diffusion-limited etching is |
considered a prdduct—by'—process claim. “[E]ven though product-by process claimé'are :
limited by and defined by the process, determination of patentability is based on the
product itself. The batentability of a product does not depend én its method of
production. [f the product in the product-by-prqcéss cléim ié the same as or c‘)vbvio_us
from a product of the prior art, the claim is unpatentable even though the prior product
" was made by a different process.” Inre Thérpe, 777 F.2d 695, 698, 227 USPQ 964,
966 (Fed. Cir. 1985). o S

Regarding cléims 6 and 7, admitted prior art teaches substantially the entire
structure of claims 1-3 except explicitly stating the window region comprises a maximum

width smaller than a size of light generated in the active layer emitted towards the |

wihdow region, satisfying a Fraunhofer diffraction condition occurring in the window
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region is offset Aby a focusing power of the micro-lens, where the maximum width of the
window region D and a focal length f of the micro-lens satisfy a relation: -
| D= (2x1.22Af) " where k, is a wavelength of the laser beam emitted from the

VCSEL.

Since the combined structure of admitted prior art, Jiang and Webb is identical to
- the claimed device the combined structure satisfies the Fraunhofer diffraction cohdition _
as claimed. |

Regarding claims 8 and 9, admitted prior art teaches substantially the entire
| structure of claim 1 except explicitly stating that the high-resistance-region éccording to
claims 6 and 7, between the uppér and lower réﬂectors, relatively close to the active
layer, the high-resiétance regibn comprising an apv_erture.at a center thereof through
which a current flows, the aperture of the high-resistance region comprisihg a maximum
width greater than-orvapproximately equal to the m‘aximum width of the window region.

‘ Parametefs such as width in the art of semiconductor manufacturing process are
subject to routine experimentation and optimization to achieve the.desired device
characteristics. |

It would havé been obvious to one of ordinary skill to in the aﬁ at the time the_
"ih\'/'ér}itidhAWas' made to make the highﬁfeéistahCé regi'on-c';dr_nprisihg‘a' maximum Width
greater than or approximately equal to 'the maximum width of the window as claimed. * -

Regarding claims 12-15, 16, 17-21 and 22, admitted prior art teaches |

substantially the entire structure of claims 1-4, 5, 6-10 and 11, except explicitly stating
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that the substrate is now used for transmitting the laser beam and the substrate
comprises the microlens. |

It would have been obvious to one of ordinary skill in the art at the time the
invention wés made to invert the combined structure of ad'fnitted prior art and Jiang and
form the lens and micro-lens in the lower portion of the combined structure, since it has
beeh held that rearranging parts of the invention involves only routine skill in the art. In

' re Japikse, 86 USPQ 70.

Regarding claim 23-26 admitted prior art teachgs su,b'stantially the entire
structure of claims 1-3, 5, 6-9 includihg a microlens integrally formed on a laser beam-

- emitting surface of the VCSEL emitting é parallel lvight beam and disposed in a window .-
region t‘hrough. which the Iight beam is emitted; a lens layer comprising the.microlens
and formed on the laser beam emitt_ing surface of the VCSEL (Jiang, fig. 1). |

Regarding claim 27 admitted prior art teaches substantially the entire structure
of claims 1-3, 5, 6-9 and 23 except explicitly stating that thé aperture is small where:the
current appliéd through the upper electrode passes a region on the active layer and the
light beam is generated in a dot-sized region of the active layer. | |

| Parameters such as size o_f the aperture and the area of the light beam.

' générated on the active I‘éyenr‘in the art of semiconductor fﬁéndfaéturing proéeés are

subject to routine experimentaﬁon and optimization to achieve the desired device -

characteristics.
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It would have been obyious to one of ordinary skill to'in the art at the time the ‘
invention was made to vary the size of the aperture and the light beam area on the
active layer as claimed. -

Regarding claim 28, admitted prior art feaches sub”stantially the entire claimed
structure of claims 1-3, 5, 6-9 and 23 including the micro-lens lies along a central optical
axis of the light beam emitted from the VCSEL (frg. 1, Jiang).

Regarding claims 29-31 and 32, admitted prior art teaches 'sub_stantially the |
entire claimed structure of claims 1—4, 5, 6-10 and 23.including the lower reflector, the
éctive layer, and the upper reflector are sequentially stacked on the substrate, the lower
reflector and the upper reflector are forméd of. alternating semiconductor compounds
comprising different refractive indexes and the lower reflector is doped with the same n-
type impurities and the upper reﬂector is doped with' thype impurities (fig. 1, page 2,

‘paragraph 5, ‘prior art).

Regérding claim 33, admitted prior art teaches substantially the entire claimed
structure of claims 1-3,.5, 6-9 and 23 including the active layer is formed of GaAs -
according to a wavelength of the light beam (fig. 1, Jrang, col. 5 lines 41-64).

Regardlng claims 34 and 36, admitted prior art teaches substantially the entire
claimed structure of claims 1-3, 5, 6-9 and 23 except explicitly stating that the high-
resistance region comprising an aperture at a center thereof through which current
applied through the upper electrode flows and high-resistance region is formed by
implantations of ions or by selective oxidation in a region pf the upper reflector and the

micro-lens comprises a convex surface formed by diffusion-limited etching.
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The limitations that the high resistance as claimed is formed by implantation of
ions or selective oxidation and the micro-lens is formed by diffusion-limited etching are
considered a product-by-process claim. “[E}ven though product-by process claims are
limited by énd defined by the process, determinatibn of pétentability is based on the
product itself. The patentability of a product does not depend on its method of
production. If the product in the produét-by-process claim is the same as or obvious
from a product of the ‘prior art, the claim.is unpatentable even though the prior product
was made by a different prdceés.” In re Thorpe, 777 F.2d 695, 698, 227 USPQ 964,
966 (Fed. Cir. 1985).

bRegarding"‘claim 37 admitted prior art teaches svubstant‘ially the entire claimed
* structure of claims 1-3, 5, 6-9'an'd 23 including the upper électrode is fdrmed on top of
't.he lens layer (fig. 1, Jiang).

Regarding claims 38—40 admitted prior ari teaches substantially the entire
claimed structure of claims 1-3, 5, 6-9 and 23 except éxblicitly étating that_ the distance
along an optical axis from the light generating region to a vertex of the micro-lens is-
equal to a focal length of the micro-lens where the VCSEL satisfies a foIIoWing
relationship: f =Rxn1/(n2-n1) whére f is a distance along an. optical axis from the light
generating region to the veftexl—of' t'hé'rrjicféilehs, R is a radius of curvature of the micro-
lens, n1 is an effective refractive index of a medium on an bptical path between the Iight
generating region and the lens layer, and n2 is a refractive index of a region toward
which the light bearﬁ is emittgd through the micro-lens; and the VCSEL also éatisﬁes a

following relationship: nl/SI+n2/S2=(n2-nl)/R where S1 is a distance from the light
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generating region of the active layer to a vertex of the micro-lens on the optical axis, S2
is a distance from the vertex of the micro-lens to a’second focal point of the micro-lens,
n1 is an effective refractive index of the mediuﬁ from the upper reflector and the lens
layer, and n2 is a refraétive index of a region toward which” the light beam emitted
through the micro-lens travels. | |

The formulas above ére well known in the art. Since fhe combined structure of -
admitted prior art, Jiang and Webb results in a structure identical to the claimed |
invention the VCSEL structure inherently satisfies the above relationships.

With regards to the limitation that the distance along an optical axié from the
light-generating region to a vertex of the rﬁicro—leﬁs is equal to a focal length of the
micro-lens is within the SCOpe of one having.o'rdina>ry skill in the art to find the optimal

udistaric.e as claimed throUgh obv’i\oUs and routiné experimentation.

Regarding claim 41 admitted prior art teaches substantially‘the entire claimed
structure of claims 1-3, 5, 6-9 and 23 above éxcept explicitly stating a forward biésed
current is applied to the micro-lens built-in VCSEL through the upper and lower
electrodes, the light beam combrising a particular wavélength thréugh Iasér oscillatfbn is
transmitted through the upper reflector and the lens Iayér and is conde}nsed‘ by the
micro-lens énd emitted as the béféll_el hltas-e~rAbeam'.A B

The above claimed limitation is the way VCSEL fitted with'a micro-lens operates
under normal operation condition. Since the claimed structure is identical to the
combined structUre of édmitted prior art, Jiang and Webt_) it inherently operates as

claimed above.
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Regarding claim 42-46 admitted prior art téaches substantially the entire claimed
structure of claims 1-3, 5, 6-9, 12 and 23 above ihcluding the VCSEL is a top-emitting
type VCSEL (fig.‘ 1, Jiang).

The combined teaching of admitted prior art, Jian’g and Webb does not explicitly B
- teach the limitation that the micfo-lens is formed in the window region of the substrate
'througlh which the light beam is condensed_and emitted.

It would have been obvious to oné of ordinary skill in the art at the time the
invention was made to invert the combined structure of admitted prior art and Jiang and
form the lens and micro-lens in the loWer pbrti'on of the combined étructure, since it has
been held thét reaﬁanging parts of the invention involves only routine skill in the art. In
- re Japikse, 86 USPQ 70.

\Reg(;arding claims 47-48 admitted prior art teaches substantially the entire

~ claimed structure of claims 1-4, 5, 6-1 0,12 and 23 above including that when a number
of stacked layers of the léwer reflector is smaller than that of the upper reflector, the .
reflectivity of the lower reflector is lower than that of the ‘upper reflector and most .of the
laser beam is emitted through the Ibwér reflector.

The above limitation is inherent characteristics of a reflector structure. Therefore
the combined structure of admitted prior art, Jiang and Webb have the claimed
characteristic of the reflectors inherently. |

| Regarding claims 49—50, the combined teaching of admitted prior art, Shimada

and Lee teaches substantially the entire claimed étruct_ure of claims 1-4, 5, 6-10, 12 and
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23 above including the lower reflector and the upper reflector are formed of alternating
semiconductor compounds comprising different refractive indexes (fig. 1, prior art). |

Since the combined structure of admitted prior art and Jiang is identical to the
claimed structure it inherently have the claimed property. “

Regarding claim 51 admitted prior art teaches substantially the entire claimed
structure of claims 1-3, 5, 6-9, 12 and 23 above except explicitly stating that the VCSEL
- satisfies a following relationship: f= R'xn1'/(n2'-n1'") where R' is a radius of curvature of

the micro-lens, n1' is a effective refractive i-ndex of a medium along an optical path
between the light generating region of the aCtive Iayér and the micro-lens, énd n2'is a
refractive index of a region toward Which the light beam emits through the micro-lens, f
is a distance from the light gen‘erati'ng region to a vertex of ithe micro-lens along ther -
obtical axis.

"The formula above is well known in the art. Since the combined structure of
admitted prior art, Wébb and Jiang results in a structure that is identical tb the claimed
invention the VCSEL structureAinhe'rentIy satisfies the relationship above.

Regarding claims 52 and 53 admitted prior art teaches substantially the entire
claimed structure of claims 1-3, 5, 6-9, 12 and 23 above except explicitly stating thét a
~ forward biased éurréht is applied to the r'nibrd-le,ns"bUiIt'-i.nv VCSEL through the upper
and lower electrodes, a laser beam comprising a particular wavelength through laser
oscillation is transmitted through the lower reflector and the substrate and is condensed
by the micro-lens and emitted as the paraliel laser beam and the VCSEL is a bottom-

emitting type VCSEL.
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The above claimed limitation is the way VCSEL fitted With a micro-lens at the
bottom operates under normal operation condition. Since the claimed structure is
identical to the combined structure of edmitted prior art, Jiang and Webb it inherently
operates as claimed above. |

Regarding claims 54 and 55 adtnitted prior art teaches substantially the entire
ctaimed etructure of claims 1-3, 5, 6-9, 12 and 23 above exeept explicitly stating that an
upper reflector comprising a relatively lower reflectivity than that of the lower reflector.

Parameters such as reflectivity and size are variables that are subject to:
_optimizati'onv' through routine experimentation.

It would have been ebvious to one of ordinary skill to in the art at the time the
: | invention wae'made to vary the reflectivity as‘claimed'in order to satisfy the Fraunhofer
_‘ diffraction condition. |

Regarding claims '56, 57 and 61 admitted prio‘r art teaches substantially the entife
cleimed structure of claime 14, 5, 6;1 0, 12, 23 and 54 above exeept explicitly stating
that the Fraunhofer diffraction condition of the window is offset by a focusing power of
the micro-lens so that a parallel laser beam is emitted through the micro-lens the
diameter D of the window and a focal .Ie.ngth f of the micro-lens satisfy a following
relationship: D = (2 x 1.22 Af) "2 where A is a wavelength of the light beam emitted from
the VCSEL and also a foltowing relationship:.

| N¢ = D*/\d «1; where N;is eAFresneI number, A, ie e wavelength of the light beam
emitted from the VCSEL, D is the diameter of the window; and d is a distance from the

window to an observing plane, which is one focal point of the micro-lens.
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Since the combined structure of admitted prior art, Webb and Jiapg is identical to
the claimed device the combined structure satisfies the Fraunhofer diffraction conditions
as claimed._,. |

Regarding claim 58, admitted prior art teaches substantialiy the entire claimed
sfructure of claims 1-3, 5, 6-9, 12,‘23 and 54 above including the high-resistance regioh
between the upper and lower reflectors relatively Close to the active layer, the high-
resistance region comprises an aperture at the center thereof through which a current
flows (fig. 1). |

Regarding claim 59 admitted prior art substantially the entire claimed structure of
claims'1-3, 5, 6-9, 12, 23 and 54 abpve except explicitly statihg tHat the diameter of the
window is smaller than or approximately equal to a diameter of the aperture of the high-
resistance region.

Parameters such as diametér and radius are variables that are subject to
optimization through routine experimentation‘.‘ |

It woﬁld have been obvious to éne of ordinary skill to in the art at the time the
invention was made to vary the diameter of the window as claihed. |

Regarding claims 60 and 62 admitted prior art teaches substantially the entire
claimed structure of claims 1-3, 5, 6-9, 12 and 23 above including the window and the
micro-lens are positioned on a same and the micro-lens and the window are positioned
on a same plane (ﬂg'. 1, Jiang).

Regarding claim 63 admittéd prior art teaches substantially the entire claimed

structure of claims 1-3, 5, 6-9, 12, 23 and 54 above except explicitly stating that when
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~ the micro-lens and the window are positioned on a samé plane and only a O " -order
diffracted beam comprising a high intensity is considered, a radius RS of the O -order
diffracted beam satisfies a followihg relationship: Rs =1.22\d/ D where A, is a
waveleng{h of the light beam emitted from the VCSEL, D is the diameter of the window,
and d is a distance from the window to an observing plane.

Since the combined s’tru_cture of admitted prior art and Jiang is identical to the
claimed device the combined structure satisfies the above relationship as claimed.

Regarding claim 64 admitted prior art teaches sﬁbstantially the entire claimed :
stru‘c;ture of claims 1-3, 5, 6-9, 12, 23 and 54 above including the VCSEL is a top-
emitting type VCSEL (fig. 1, Jiang) | |

Claims 4,10 and 21, are rejected under 35 U.S.C. 103(a) as being unpatentable .
over admitted prfor art, Jiang, Webb and in view of Peake et al. US patent No. -
6,122,109, | |

Admitted prior art teaches substantially the entire structure of claimé 1,6 and 12
above except explicitly stating that the lens layer is fbrmed of a material comprising at
least one of silicon and a Ill-V compound semiconductor, wherein the I1l-V combound
semico‘nductor comprises one of indium phosphide (InP), gallium arsenide (GaAs),
*indium arsenide (InAs), gajllium shosphide (GaP), indium gallium phosphide (InGaP),
indium gallium arsenide (InGaAs), and aluminum gallium arsenide (AlGaAs), the
‘material comprising a relatively large bandgap to a wavelength of the laser beam so as

not to absorb the laser beam.
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Itis conventior)a[ and also taught by Peake forming a microlens.layer using GaAs
(col. 6, line 46-53).

It would have been obvious to one of 6rdinary skill in the art at the time the
invention was made to incorporate the microlens Iayér formed of GaAs taught by Peake.
in the strubture of admitted prior art, Webb and Jiang in order to form VCSEL.

Response to Arguments
2. Applicant's arguments with respect to clairﬁs 1-64 have been considered but are
moot in view of the new ground(s) of rejection.
Conc)usion

3. | Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Samuel Admassu Gvebre’mariam whose telephone
number is 571 272 16563. The examiner can normally be reached on 8:00am-4:30pm.

" If attempts to reach the examiner by telephone are unéuccessful,_the éxaminer’s
supervisor, Eddie Lee can be reached on (571) 272-1732. The fax phone numbérs for

the organization where this application or proceedihg is assigned are (703) 872-9306 for

" regular communications and (703) 872-9306 for After Final communicatibns.

Any .inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is (703) 308-

0956.

;
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